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(54) [Title] Training Device for Firing Live Ammunition 
(57) [Abstract] 

[Object] In a training device for firing live ammunition used for firing education, 
training, and skill evaluation, the object is to obtain a small firearm training device for 
firing live ammunition that is safe, enhances the precision of evaluation of firing results, 
shortens the evaluation period, and shortens the time required for testing, education, and 
training, 

[Configuration] The configuration is one in which are provided an image detecting 
sensor, positioned in the vicinity of a target and detecting the image of a bullet mark on 
the target; a processor, receiving a bullet mark image signal outputted by said image 
detecting sensor, conducting image processing by comparing the bullet marks prior to 
shooting with the bullet marks after shooting to identify a new bullet mark following 
shooting, and calculating evaluation data firing results; and a display, receiving a signal 
from the processor and displaying to an instructor and shooting trainee the position of a 
bullet mark on the target and shooting evaluation data calculated from the position of the 
bullet mark on the target; with a recorder being connected to the processor of the training 
device for firing live ammunition and a communicator being provided permitting 
communication between the instructor and the shooting trainee. 
[#insert fig.] 
[Claims] 

[Claim 1] A small firearm training device for firing live ammunition characterized by 
comprising an image detecting sensor, positioned in the vicinity of a target and detecting 
the image of a bullet mark on the target; a processor, receiving abullet mark image signal 



outputted by said image detecting sensor, conducting image processing by comparing the 
bullet marks prior to shooting with bullet marks after shooting to identify a new bullet 
mark following shooting, and calculating evaluation data firing results; and a display, 
receiving a signal from the processor and displaying to an instructor and shooting trainee 
the position of a bullet mark on the target and shooting evaluation data calculated from 
the position of the bullet mark on the target. 

[Claim 2] The training device for firing live ammunition of claim 1 wherein a recorder 
recording the position of said bullet mark and said firing evaluation data calculated from 
said bullet mark position is connected to said processor. 

[Claim 3] The training device for firing live ammunition of claim 1 or 2 wherein a 
communicator permitting communication during firing training between said instructor 
and said firing trainee is provided. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] The present invention relates to a training device for 
firing live ammunition used for firing education, training, and skill evaluation, that 
detects by means of a video camera the bullet mark of a real bullet on the target and 
computes evaluation results for the same in the firing training of small firearms 
employing live ammunition. 
[0002] 

[Prior Art] Conventionally, at live ammunition firing ranges, as shown in Fig. 5, for 
example, a target 2 is positioned at some distance from a firing trainee 1 . Trainee 1 fires 
live ammunition at target 2. However, firing trainee 1 does not know at his position what 
portion of target 2 has been hit by the live ammunition. Thus, a trench 3 is dug below 
target 2 and a person 4 for confirming the status of the target is positioned in trench 3 to 
confirm bullet marks, or a person near shooting trainee 1, such as instructor 5, observes 
target 2 with binoculars 6 to confirm the bullet marks, after which firing evaluation data 
are calculated based on the positioning of the bullet marks. 
[0003] 

[Problem to Be Solved by the Invention] In such a conventional live ammunition firing 
training method, there are delays in aiming adjustment, trajectory confirmation, and 
confirmation of bullet marks on the target. Additionally, there are a number of issues 
relating to the safety of personnel in the vicinity of the target. Thus, there are problems 
in that the training time and the time required for score evaluation, and costs associated 
therewith, greatly increase due to the time and manpower required to confirm bullet 
marks on the target and calculate firing evaluation data. The present invention, devised 
in light of such problems of prior art, has for its object to provide a training device for 
firing live ammunition that is safe, enhances the precision of firing result evaluation, 
shortens evaluation time, and shortens testing, education, and training time. 
[0004] 

[Means of Solving the Problems] To solve the above-stated problems, the present 
invention is configured as a small firearm training device for firing live ammunition 
comprising an image detecting sensor, positioned in the vicinity of a target and detecting 
the image of a bullet mark on the target; a processor, receiving a bullet mark image signal 
outputted by said image detecting sensor, conducting image processing by comparing 
bullet marks prior to shooting with bullet marks after shooting to identify a new bullet 



mark following shooting, and calculating evaluation data firing results; and a display, 
receiving a signal from the processor and displaying to an instructor and shooting trainee 
the position of a bullet mark on the target and shooting evaluation data calculated from 
the position of the bullet mark on the target. Further, a recorder is connected to the 
processor of the training device for firing live ammunition, and a communicator is 
| provided,, permitting communication between the instructor and the shooting trainee. 
[0005] 

[Operation] The operation of the present invention will be described next. The image 
detecting sensor is positioned near the target and detects the target and the images of 
bullet marks on the target. The processor receives an image signal of bullet marks 
outputted by the image detecting sensor, compares the bullet marks before firing with 
those after firing, conducts processing to identify newly generated bullet marks following 
firing, and computes firing result evaluation data. The display receives a signal from the 
processor and displays the position of the bullet marks on the target and shooting 
evaluation data computed from the position of the bullet marks to the instructor and firing 
trainee. The displayed data are recorded by the recorder, with communication between 
the instructor and the shooting trainee being possible. 
[0006] 

[Embodiments] The present invention is described below based on the figures. Fig. 1 is 
a configurational diagram of the present invention. An image detecting sensor 14 is 
positioned in the vicinity of a target 12 to detect the bullet marks 13 of live ammunition 
hitting and passing through target 12 in a small firearm 10 training device for firing live 
ammunition 11. Image detecting sensor 14 picks up the images of target 12 and of bullet 
marks 13 made by live ammunition passing through, and transmits an image signal of 
target 12 and bullet marks 13 to processor 15, which will be described next. A display 18 
that displays firing evaluation data processed by processor 15 in a location readily visible 
to instructor 16 and shooting trainee 17 is provided. A recording device 19 inputting the 
shooting evaluation data processed by processor 15 is also provided. And a 
communicator 20 permitting communication between instructor 16 and trainee 17 is 
provided. 

[0007] Image detecting sensor 14 picks up the entire image of target 12 with a small, 
lightweight, high-precision CCD camera and transmits this image to processor 15. 
Processor 15 inputs an image signal from image detecting sensor 14 once each second, 
compares the current image to the image of the preceding second, and conducts image 
processing by means of a microprocessor and a semiconductor memory. A display 18 in 
the form of a small, lightweight liquid-crystal display is employed for the trainee and a 
display in the form of a cathode-ray tube display is employed for the instructor. Recorder 
19 is a small serial dot printer. A headset and sound amplifier in which a microphone is 
integrated with a headphone is employed as communicator 20 by the instructor 16 and 
trainee 17. 

[0008] Fig. 2 is a block diagram of the individual components of processor 15 in Fig. 1. 
An image of bullet marks 13 on target 12 is outputted by image detecting sensor 14. 
Target graphic generating device 22 generates graphics of the target with a bull's eye but 
without bullet marks, which is inputted by graphics synthesizer 21 . There is a training 
first memory 23 storing the image of the bullet marks of the results of the first round, a 
training second memory 24 storing the image of the bullet marks of the results of the 



second round, and a qualification memory 25 storing the image of the bullet marks of the 
results of the final round for qualification. Synthesizer 26 inputs and synthesizes the 
training first memory, training second memory, and qualification memory. The image of 
target 12 and firing result data are outputted by synthesizer 26 via graphics synthesizer 21 
to display device 18 and recorder 19. 

[0009] Graphics synthesizer 21 compares the image received from signal detecting sensor 
14 with the image received the previous second. It assumes that there was no bullet mark 
in the image one second earlier, and extracts the images of new bullet marks, detecting 
bullet marks in the manner described further below. Thus, it is possible to identify bullet 
marks that have been newly generated after firing by comparing the bullet marks prior to 
firing with those after firing. A switch 27 is provided and manually operated to input to 
the training first memory, training second memory, and qualification memory from 
graphics synthesizer 2 1 . 

[0010] To conduct shooting training, necessary data such as the name of the trainee, date, 
time, and name of the instructor are inputted to processor 15 through a keyboard, not 
shown. The images and data of image sensor 14, processor 15, display 18, and the like 
are fully cleared to achieve a state of full preparation. When this is done, image sensor 
14 and processor 15 begin operation, scanning the surface of target 12 about once a 
second, detecting the positions of bullet marks 13, and sending them to processor 15. 
[0011] When shooting begins, processor 15 receives the image signals of target 12 and 
bullet marks 13 outputted by image detecting sensor 14, and conducts image processing 
in a manner set forth further below to compute shooting result evaluation data. Display 
18 receives a signal from graphics synthesizer 21 in processor 15 and displays the 
positions of bullet marks 13 on target 12 and firing evaluation data computed from the 
positions of bullet marks 13. Once each specified number of rounds - for example, when 
three volleys of practice rounds in the form of training 1, training 2, and qualification 3, 
each consisting of five rounds of live ammunition, have been completed - a record of the 
firing evaluation data that have been displayed up to that point is stored in recorder 19 
and the display image is cleared. 

[0012] An image signal such as that shown in Fig. 3 is inputted to processor 15 as the 
image signal of target 12 and bullet mark 13. When the image 25 of target 12 is scanned 
over 501 scan lines, an image comprised of 501 horizontal pixels and the same number of 
vertical pixels is generated, and numbers between 0 and 500 are assigned to the position 
of each pixel, with y denoting the vertical and x denoting the horizontal position, to 
express the position of each pixel in coordinates, the upper left corner is denoted as (y 0 , 
x 0 ), the upper right corner as (y 0 , x 50 o), the center as (y 25 o, x 250 ), the lower left corner as 
(ysoo, x 0 ), and the lower right corner as (y 50 o, x 50 o). 

[0013] The bullet mark 13 portion of the image picked up by image sensor 14 is black. 
Assume for example that a bullet mark 13 has been made in the upper left portion of 
image 30. Denoting the dots in the spot where the bullet mark has been made as "1" and 
dots in other spots as "0", since the shape of bullet mark 13 is nearly round, the 
coordinates of dots yielding signals of "1" become (y !22 , xi 25 _i 27 ), (yi 23 , x^-m), (yi 24 , 
xi 2 3-i29), (yi25> xi 23 _i 29 ), (yi 2 6, X123-129), (ym, Xi 24 _i 28 ), (y !28 , Xi 25 _i 27 ), as partially shown in 
the image of target 12 in Fig. 4. 

[0014] To detect a point comprised of such "1" dots, the positions of the individual dots 
of 



(yo> x 0 ), (y 0 , xi), (y 0 , x 2 ),...(y 0 , x 50 o), 
(yi, x 0 ), (yi, xi), (y u x 2 ),...(yi, x 50 o), 



(yi22, x 0 ), (yi22, xi), (yi22, x 2 ),...(yi22, x 5 oo), 

(y5oo, x 0 ), (y 5 oo, xi), (y 500 , x 2 ),...(y 5 oo, x 5 oo) 
are sequentiaiiy scanned and the first position (yi22, X125) at which the signal becomes "1" 
is detected. The adjacent dots (yi22, x^e) and (yi22, X127) are checked and connected to 
determine the portion of "1". The continuous dot group (y 12 2, X125-127) is "1", indicating a 
bullet mark. 

[0015] When the next line down is then scanned to check whether the (ym, xo), (yi23, xi), 
...(yi23, X500) signals are "1" or "0", it is discovered that (yi23, X124-128) are "1". When a 
check is made as to whether the (yi24, xo), (ym, xi), ...(yi24, X500) signals are "1" or "0", it 
is discovered that (yi24, X123-129) are "1". Likewise, (yi25, X123-129) are found to be "1" for 
(yi25> x 0 ), (ym, xi), ...(yi25, X500); (yi26, X123-129) for (yi26, x 0 ), (yi26, xi), ...(yi26, x 500 ); 
(yi27, X124-128) for (yi27, x 0 ), (yi 2 7, xi), ...(yi 2 7, X500); and (y 128 , X125-127) for (yi 2 8, x 0 ), (ym, 
Xi), ...(yi28> X500). These are dots for which the signal obtained by picking up bullet mark 
13 in image 20 is "1"; there are no dots for which the signal on the image of target 12 is 
"1" on or below scan line (y !2 9, x 0 ), (yi29, x 1 ) v ..(yi 29 , x 50 o). 

[0016] When a signal of "1" is obtained for each of seven dots from yi22 to yi 2 7 [sic: ynz] 
in the vertical direction and X123 to X129 in the horizontal direction, this is determined to be 
the bullet mark of one round. When a bullet mark of nine or more dots is found running 
either vertically or horizontally, it is determined to be the bullet mark of two rounds. 
When a bullet mark of nine or more dots is found running both vertically and 
horizontally, it is determined to be the bullet mark of three rounds. 
[0017] In this manner, when the signals of seven dots from yi22 to yi27 and seven dots 
from xi 2 3 to X129 become "1", the calculation: 
(122+128)/2 = 125 is performed for y, 

(123+129)/2 = 126 is performed for x, and (yi25, X126) is determined to be the 
center point of the bullet mark. Vector computation is then used to determine the 
position of the center point (yus, *\26) of bullet mark 13 relative to the center point (y 2 so, 
X250) of target 12 in image 20. That value becomes the evaluation score. 
[0018] Such bullet mark detection and computation is repeated once each second, as 
stated above, and outputted to display 18. By repeating detection each second and 
comparing the current image received with the image received the previous second, 
making the assumption there is no bullet mark in the image of the previous second, and 
extracting only the image of new bullet marks, when a shot is fired during the interval, 
the bullet mark prior to shooting ends up being compared with the bullet mark after 
shooting, resulting in the identification of the newly generated bullet mark after shooting. 
[0019] When a fixed number of shots have been fired in this manner, generally upon the 
direction of the instructor 16, the evaluation data and the positions of the bullet marks up 
to that point are stored in recorder 19 and the screen of display 18 is cleared. When the 
operations of bullet mark detection and computation and storage in recorder 19 have been 
repeated three times, for example, upon the direction of the instructor, a combined total 
of three bullet mark diagrams and evaluation data are printed out together with the 
initially inputted time, date, name, and the like and one session of shooting training is 



concluded. There are normally several shooting trainees 17 simultaneously undergoing 
training, and there are multiple displays 18 at target 12 and the position of trainees 17. 
The instructor 16 switches between giving instructions to individual trainees and the 
recorded data of each trainee by means of switch 26 built into display 18. 
[0020] The method of detecting bullet marks, the conducting of bullet mark detection and 
computation once each second, and the method of frequency of combining the three- 
round buiiet mark diagram with evaluation data described in the above embodiment can 
be suitably modified. The block diagram of the device shown in Fig. 2 is an example, 
and the present invention is not limited thereto. 
[0021] 

[Effect of the Invention] Since the present invention as set forth above comprises an 
image detecting sensor, positioned in the vicinity of a target and detecting the image of a 
bullet mark on the target; a processor, receiving a bullet mark image signal outputted by 
said image detecting sensor, conducting image processing by comparing bullet marks 
prior to shooting with bullet marks after shooting to identify a new bullet mark following 
shooting, and calculating evaluation data firing results; and a display, receiving a signal 
from the processor and displaying to an instructor and shooting trainee the position of a 
bullet mark on the target and shooting evaluation data calculated from the position of the 
bullet mark on the target, safety is ensured on the live ammunition training range, aiming 
adjustment training is facilitated, bullet mark identification is simple and uniform, the 
time required for testing, teaching, and training is shortened, and the precision of firing 
evaluation data is enhanced. The time required to record evaluation results is shortened, 
the instructor and trainees are linked over great distances, and numerous other important 
effects are achieved. 
[Brief Description of the Figures] 

[Fig. 1] A perspective view of a complete training device for firing live ammunition 
showing the configuration of the present invention. 

[Fig, 2] A block diagram of the individual components of the processor of the system of 
Fig. 1. 

[Fig. 3] The front view of an image of the target and a bullet mark left on it picked up by 
an image detecting sensor . 

[Fig. 4] A typical front view of part of a target showing dots for which the signal 
obtained by scanning the bullet mark on the target has become "1". 
[Fig. 5] A perspective view of a complete conventional live ammunition firing range, 
showing the position of bullet marks and how firing evaluation data are computed. 
[Key to the Numerals] 
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\Zf3iZ> (yi22. xi26)£#L£B-ro ^l/T (yi22. x Z>. 2Z\Z (yi2*. xo), (yi2 B . xi), (y 

120) . (yi22. xi2r)i:V^ &5\Zfc\Z$>Z> h^^- 125. x B oo)^ii^^i:, (yi26. xm-in)^ (y 

xy^U m&VT rij IC^oTV^i^S*^ 126. xo), (ym.xi), (yi2e. x 6 oo)« (y 

(yi22. Xl26-12T)COJt^b^:H^hP^ Tl j 126. Xl23-129)#*, (yi27.Xo), (yi27.Xl), 

\ZWm&&Z>CL&t>frZ>. - (yi27. X500)« (yi27. Xl24-12 8 )^ (yi28. X 

[0 0 15] #Cfc:HaT£j£2tU (yi23. xo), (y 0), (yi2 8 . xi), (yi28. x B oo)fi (yi28. x 

xi), (yi23. xsoo)CD«#^ rij 126-127)^ l"lj , 2 0 1 3^ 

roj fr&m^zt, (yi23. xi34-i28)*t ru -e^ s#LT#5n&«*a* r 1 j ^-sHymo, ^ 

&C&#tn!U (yi24. xo), (yi24.xi), — 5ltj»^ (ywo. xo). (yi2>. xi), (yi2». x 

(yia*. x*oo)(D«#a* rij ^ roj ^*as5^< so 6 oo)KToS»i 2a>np±fc«m*^ rij 
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[0 0 16] ^«5LTiiT^T«yiM ^Syn? * 
* £fc±T££te£*l;i* 9P^h# 

[0 0 17] H 3 bT, yi2i Ak6yiif *TO7 
hftt* X123 3^6xiaa ^(D7 P ? hfl»0ft4»2:ftt 10 

rij tfeo/^<i:€tr«> 
yfcWCtt, (122+12 8) /2=1 2 5 
xfc^lvCtt, (1 2 3 + 1 2 9) /2=1 2 6 

21 ts^WWr*. ^LTIllfc2 0 fc*W-*«Wl 2<D* 
feA (yaso. xi*o)te*t-r** #*l3©*6ja (y 
128. xi, s )<offiff*^MV»3(CKi<fcD*«6, *CD«a* 

[0 0 1 83 COJ:^^#3[S©tftmi:MSt^, ffir^Oi 

l^»tc:^Djg$n^tfttBtcJ:0, SSUfeiMi 
l»MKlS«U)fcH«fcSH:ttU 1 &tt®H*(;i 

[0 0 19] £ O J; 5 IC l/T-S*0»»^i»7t* 
H»fcltt»*tWfl6O««fcJ:0» ^n*TO# 

•ott^MMiT 5 -* £fa»s 1 9 ummu m^® 1 so 

> hr* h it, i \3i<Dttm&\m*i»T-rz>. mmm 
&i7\tmm\z&&Atimmzmm*»% swi 2^ 

NIB&1 7 1 8fe«Mft«**a<, &*<D§fl 

T«D«*.*. 40 

[0020] te&±m<Dnmmvmivitwm<»ikmij 
wm<D&Mtmf.*i&mzn5z£. 3mor># 



WW^5-2 2 3 5 0 0 

y ^ h*h 2 list toia-fi-c, Etifcuajesn 

[0 0 2 1] 

m»ttzs#mmm±<DmzS7*T*&m»t. **-r « 
E«w»wfc»>an*££fc&tK ts*>\zmm9cet9t 

[B2] BlOi/^AOi*, fflSSO*CQ£«5fS£ 
[SI 3] BMt^O±^^$n*#3K*ia««W-fe>i^ 

[0 4] stt±©#«**3iEUT#^ns«w rij 
[0 5] a*©*3Mt*pi««^#<o»aBi-c> #sw> 

[«WCDK^] 

10 **■ 

11 ^#i*^ifiiffise 

12 mn 

13 JHB 

14 H»»m-fe>* 
1 5 

16 m«3iW 

17 nm± 

18 
19 

2 0 »BB 
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